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(54) Analogues of lutenising hormone-releasing hormone (LHRH) 

(57) The analogues have the amino acid sequence: 
pGlg-Hts-Trp-Ser-Tyr-X-Leu-Arg-Pro-Gly-Y-Z 

wherein X represents Gly or a D-amino acid, Y represents one or more amino acid residues, which may 
be the same or different, preferably 1-3 glycine residues, and Z represents Cys or Tyr, such that the 
solution conformation of said analogue is substantially similar to that of native LHRH. 

The analogues may be used to prepare vaccines for reducing fertility in mammals by attachment of the 
analogues to carrier substances via the C-terminal reactive Cys or Tyr residue. Attachment via the C- 
terminal residue leaves immunogenic portions of the analogue exposed. 
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Figure 1: Steroscopic diagrams of the predicted 
lowest energy solution conformers of (a) maramali 
LHRH, and (b) the LHRH-Gly-Cys-OH analogue. 
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Figure 2: Day 70 anti-LHRH-Gly-Cys-OH antibody titres 

in rats immunised with various LHRH-Gly— Cys-OH conjugates. 
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Figure 3: Effect of immunisation with various LHRH-Gly-Cys-OH 
conjugates on testicular weight in rats. 
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SPECIFICATION 

Improvem nts in r relating t h rmon s 

5 The present invention relates to extended ana- 
logues of the mammalian hormone referred to 
as luteinising hormone-releasing hormone 
(LHRH). In particular, it relates to analogues of 
LHRH formed by adding to the C-terminus of 

10 the native LHRH amino acid sequence a short 
additional amino acid sequence ending with a 
cysteine residue, such that the conformation in 
solution is substantially unchanged, and poly- 
peptide conjugates thereof suitable for raising 

15 anti-LHRH antibodies. 

LHRH is a decapeptide having the amino 
acid sequence 

pGlg-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro— 
20 GlyNH 2 

wherein pGIg represents a pyroglytarnate resi- 
due and GlyNH 2 represents glycine-amide. In 
mammals, this hormone is secreted by the hy- 

25 pothalamus and is responsible for controlling 
the release of luteinising hormone and follicle- 
stimulating hormone from the pituitary (Schally 
et al., Science (1973) 179, 341-350; Guille- 
min, R., Contraception (1972) 5, 1-32). The 

30 latter hormones are directly involved in con- 
trolling the development and the normal phy- 
siological functioning of testes and ovaries. 

Active immunisation of various mammals to_ 
LHRH, eg, rats, rabbits, sheep and cattle, has 

35 been shown to lead in the case of males to 
testicular regression, reduction of testosterone 
secretion and cessation of spermatogensis and 
in the case of females to loss of cycling and 
ovarian regression, and it has long been ap- 

40 preciated that active immunisation to LHRH 
could provide a desirable means for routinely 
reducing fertility in domestic mammals and 
farm animals, particularly bull calves. In a com- 
parative study of steer calves and immunologi- 

45 cally-castrated calves produced by active im- 
munisation to LHRH, the so-called "immuno- 
castrates" were found to be superior in. terms 
of their carcase composition since in these 
animals anabolic influence of the testes was 

50 not totally abolished (Robertson et al.. Veteri- 
nary Record (1982) 7 7 7, 529-531). More- 
over, surgical castration involves a degree of 
risk of infection and trauma, particularly if at- 
tempted on other than very young animals. 

55 Nevertheless, active immunisation to LHRH us- 
ing a polypeptide conjugate of LHRH has pre- 
viously r quired deleterious adjuvants and 
moreover the polypeptide conjugates them- 
selves have been immunogeriically unsatisfac- 

60 tory. 

Hitherto published procedures for the conju- 
gation of LHRH to a polypeptide carrier, e.g. 
bovine or human serum albumin, tetanus tox- 
oid or thyroglobulin, have generally involved 
65 condensation of the h rmone with a water- 



soluble carbodiimide. The absence of free car-, 
boxyl or amino moieties in LHRH means that 
coupling in such methods is probably effected 
through the hydroxyl group of Ser 4 or via a 

70 carboxymethylated derivative of His 2 . As a re- 
sult, the immunogen is poorly-defined and un- 
likely to retain all the structural features of 
free LHRH in solution as considered desirable 
from the point of view of obtaining anti-LHRH 

75 antibodies capable of blocking functioning of 
LHRH in vivo; is a danger that the peptid is 
attached through a region important for immu- 
nological recognition. Effective immunisation of 
mammals using such conjugates to provide a 

80 high titre of anti-LHRH antibodies capable of 
significantly reducing the biological efficacy of 
endogenous LHRH has only been achiev d in 
the presence of an adjuvant liable to cause 
undesirable side effects, most commonly Fre- 

85 und's complete or incomplete adjuvant. Fre- 
und's complete adjuvant inerferes with the tu- 
berculin test in cattle and in addition this adju- 
vant and also Freund's incomplete adjuvant 
cause a variable amount of chronic inflamma- 

90 tory reaction at the site of injection. Such pro- 
cedures have accordingly achieved no practical 
importance. 

A totally synthetic LHRH vaccine based on 
muramyl dipeptide (MDP) has recently been 

95 shown to be capable* of effecting immunologi- 
cal castration in male mice (Carelli et al,, Proc. 
Nat. Acad. Sci. USA (1982) 79, 5392-5395; 
Carelli et aL, Int. J. Immunopharmacol. (1985) 
7/215-224). However, due to the apparent 
100 pyrogenic effects of MDP, this technique of 

immunological castration is also likely to prove 
unacceptable for general use in veterinary 
practice. 

With the aim of overcoming the above-men- 
105 tioned problems, we have now designed ana- 
logues of LHRH with a short peptide extension 
at the C-terminus of the native, amino acid 
sequence, which we have predicted by poten- 
tial energy calculations to have substantially 
110 the same conformation as native LHRH in so- 
lution and may be readily linked to a polypep- 
tide carrier via the side chain of a cysteine or 
tyrosine residue provided at the C-terminus. 
According to one aspect of the present in- 
115 vention, we thus provide an analogue of LHRH 
having the amino acid sequence. 

pGlg-His-Trp-Ser-Tyr-X-Leu-Arg-Pro— 
Gly-Y-Z 

120 

wherein X represents Gly or a D-amino acid, 
Y represents one or more amino acid resi- 
dues, which may be the same or different, 
and Z represents Cys or Tyr, such that the 

1 25 solution conformation of said analogue is sub- 
stantially similar to that of native LHRH. 

Preferably, the C-terminal extension consists 
of 1-3 glycine r sidues followed by a cysteine 
or tyrosine residue at the C-terminus, most 

130 preferably a single glycine residue followed by 
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a cysteine residue (the analogu of this type 
wherein the native LHRH sequence is joined to 
a Gly-Cys extension will hereinafter be referred 
to as LHRH-Gly-Cys-OH). Computer-aided po- 
5 teritial energy calculations have indicated that 
these preferred LHRH analogues preferably 
adopt a conformation in solution virtually iden- 
tical to the type II' turn around Gly^Leu 7 pre- 
dicted as the lowest energy solution confor- 

10 mation for native LHRH. 

By substituting for the Gly residue at posi- 
tion 6 in an extended LHRH analogue as 
above a D-amino acid, e.g. D-Aia, D-Lys or D- 
Ser(tBu), further advantageous extended LHRH 

15 analogues may be obtained without radical al- 
teration of the solution conformation. Such 
analogues may be expected to have the be- 
nefit of improved stability to degradation in 
vivo. 

ilO The novel analogues may be synthesised by 
standard peptide synthesis techniques, e.g. by 
the FMOC-polyamide method using the solid 
phase resin developed by Arshady, R. et al. 
(J. Chem. Soc. Perkin Trans. (1981) h 

25 529-537) and fluorenylmethoxycarbonyl 
(FMOC) protection of the individual amino 
acids incorporated (Atherton, E. et al., J. 
Chem. Soc. Perkin Trans. (1983) 7, 65-73). 
The novel analogues may also be synthe- 

30 sised indirectly by DNA synthesis and conven- 
tional techniques of genetic engineering. 

Another aspect of the present invention 
therefore provides DNA molecules coding for 
at least one extended LHRH analogue as de- 

35 scribed herein preferably incorporated into a 
suitable expression vector replicable in micro- 
organisms or in mammalian cells. 

According to a further aspect of the present 
invention, we provide an extended LHRH ana- 

40 logue as hereinbefore described conjugated to 
a polypeptide carrier e.g. via the side chain of 
the C-terminal cysteine or tyrosine residue. 
Formation of such an LHRH analogue-carrier 
conjugate may conveniently be achieved by 

45 modification of one or more lysine side chains 
of the carrier polypeptide with maleimide, e.g. 
by treatment with N-^-maleimidobutyryloxysuc- 
cinimide (Calbiochem), and subsequent cou- 
pling of the LHRH analogue via the side chain 

50 of the C-terminal cysteine residue to give a 
thioether bond. Analogues having a terminal 
tyrosine residue may be coupled to a carrier 
polypeptide e.g. by a diazo bond formed with 
N-(4-diazophenyI) maleimide. Other coupling re- 

55 actions and reagents may of course be used 
to equivalent effect. The conjugate may also, 
in principle, be produced via a DNA molecule 
coding therefor which is preferably incorpor- 
ated into a suitable expression vector replica- 

60 ble in microorganisms or in mammalian cells. 
We believe that in such conjugates the 
LHRH moiety substantially retains th free so- 
lution conformation which is optimal for pro- 
duction of anti-LHRH antibodies, since the link- 

65 age is both flexible and of sufficient length to 



hold the peptide away from th surface of the 
carrier. 

By employing conjugates of LHRH analogues 
of this type, it has been found possible to 

70 achieve effective adjuvant-free immunisation to 
LHRH in mammals and we consider this tech- 
nique to be a highly desirable alternative to 
surgical castration for veterinary control of re- 
productive function, e.g. in dogs, cats and 

75 horses. Moreover, in the case of humans hav- 
ing an androgen-sensitive or oestrogen-sensi- 
tive carcinoma, e.g., prostate carcinoma or 
mammary carcinoma, use of such conjugates 
to induce anti-LHRH antibody production and 

80 thus lower steroid levels may also be ben fi- 
cial. 

For immunisation of a wide range of mam- 
mals to LHRH, examples of preferred carriers 
include purified protein derivative of tuberculin 
85 (Central Veterinary Laboratory, Weybridge, 
U.K.) and tetanus toxoid (Wellcome), purified 
protein derivative of tuberculin being most fa- 
voured. When using purified protein derivative 
of tuberculin (commonly referred to as PPD) 
90 as the carrier for production of anti-LHRH anti- 
bodies, in order to achieve a high titre of the 
required antibodies it is desirable for the re- 
cipient of the LHRH analogue— PPD conjugate 
to be tuberculin sensitive, e.g. by virtue of an 
95 earlier BCG vaccinatibn, as previously de- 
scribed for antibody production to other hap- 
ten-PPD conjugates (Lachmann et al. in "Syn- 
thetic Peptides as Antigens", Ciba Foundation 
Symposium 119 (1986) pp. 25-40). In the * 

100 U.K. and many other countries, the population 
is offered BCG vaccination and is therfor 
largely PPD-sensitive. Hence, LHRH analogue- . 
PPD conjugates of the present invention are 
considered highly advantageous for use in the 

105 clinical control of carcinoma in humans. 

According to a still further aspect of the 
present invention, we provide a method of re- 
ducing fertility in a mammal which comprises 
immunising said mammal with an extended 

1 10 LHRH analogue or with a carrier conjugate 
thereof as hereinbefore described so as to 
produce a titre of anti-LHRH antibodies suffici- 
ent to significantly reduce the biological effi- 
cacy of endogenous LHRH. Normally no adju- 

115 vant is necessary. In a particularly preferred 
embodiment of this method, an LHRH ana- 
logue-PPD conjugate of the present invention 
is administered intradermal^ in isotonic saline, 
if necessary after priming of the recipient with 

120 BCG vaccine to achieve tuberculin sensitivity. 
For such an immunisation protocol, it is parti- 
cularly desirable to employ the thioether conju- 
gate of maleimide-modified PPD and 
LHRH-Gly-OH (hereinafter referred to as 

125 LHRH-Gly-Cys-OH-PPD). 

The following non-limiting example further il- 
lustrates the present invention. 

Example 

130 1. Solution conformation analysis of 
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LHRH-Gly-Cys-OH 

The conformational preferences in solution 
of LHRH and LHRH-Gly-Cys-OH (see Figs. 
1(a) and 1(b)) were studies using the LUCIFER 
5 program for potential energy minimisation 
(Robson and Piatt, J. Mol. Biol. (1986) 188, 
259-281). The program was run on a CDC 
Cyber 205 computer and solvent effects were 
modelled using the representation previous 

10 used for a study of neurotensin (Ward et al., 
Regul. Peptides (1986) 15, 197) 

From energy-minimisation studies, we have 
discovered that LHRH— Gly— Gly— Cys— OH and 
LHRH-Gly-Gly-Cys— OH also have very similar 

15 solution conformations to LHRH. 

2. Preparation of LHRH-Gly-Cys-OH-PPD and 
other LHRH analogue-carrier conjugates. 

Bovine PPD (10mg, Batch no. 291, Central 

20 Veterinary Laboratory, Weybridge, UK) was 
dissolved in 0.5ml of 0.05M NaKP0 4 , 0.1 4M 
NaCI, pH 7.0 (buffer A) and treated with 1mg 
N-y-maleimidobutyryloxysuccinimide (Calbio- 
chem) previously dissolved in 5ul freshly dis- 

25 tilled, dry dimethyl formamide. The mixture 
was stirred for 1 hour at 23°C and applied to 
a column of Sephadex G25 (0.9 x 25cm) equi- 
librated with buffer A. The modified PPD elut- 
ing in the excluded volume was transferred to 

30 a stoppered vessel and to it was added 

dropwise, with stirring, 10mg of LHRH— Gly — 
Cys— OH (85% purity) dissolved in 1ml of 
buffer A previously degassed and purged with 
nitrogen. The mixture was stirred at 23°C un- 

35 der nitrogen for 2 hours and the amount of 
LHRH which bound to the PPD determined by 
estimating the free thiol content of the mixture 
at regular intervals using 5,5'-dithiobis(2-nitro- 
benzoic acid) (Sigma) according to the method 

40 of Deakin et al. (Biochem. J. (1963) 89, 

296-304). A coupling efficiency of 65% was 
noted. The conjugate was extensively dialysed 
against several changes of distilled water at 
4°C, lyophilised, and stored at -20°C before 

45 use. 

Tetanus toxoid (TT) (Wellcome) and bovine 
serum albumin (BSA) (Sigma) were conjugated 
to LHRH-Gly— Cys-OH exactly as described for 
PPD above. 

50 

3. Immunisation studies with rats 
(a) Immunisation schedule 

Groups of 5 male rats (AO x DA, F, rats, 4 
months old) were immunised with an amount 

55 of conjugate equivalent to 50ug LHRH-Gly— Cy- 
s-OH according to the following schedule. 
Groups 1 and 2 received LHRH-Gly— Cy- 
s-OH-PPD intradermal^ in saline. Groups 3 
and 4 received LHRH-Gly-Cys-OH-PPD as an 

60 alum precipitate subcutaneously. Groups 5 and 
6 received LHRH— Gly— Cys— OH— TT subcutane- 
ously in alum or Freund's complete adjuvant 
(FCA) respectively. Group 7 received no immu- 
nisation. Groups 1 and 3 received BCG vac- 

65 cine (Glaxo) equivalent to one half the human 



dose one month prior to the first immunisation 
with conjugate. Immunisation consisted of a 
primary injection followed by two booster in- 
jections at one monthly intervals, 

70 The animals in the study were [subsequently 
bled by cannulation of the tail artery at fort- 
nightly intervals for estimation of antibody 
titres, and then were sacrificed 3 months after 
the primary immunisation, the testes removed, 

75 weighed and subjected to histological exami- 
nation. 

Estimation of anti-LHRH antibody titre was 
achieved by ELISA using plastic microtitre 
plates coated with LHRH-Gly-Cys-OH-BSA. 
80 Assays were developed with 1:1000 dilution, 
of goat anti-rat 1gG alkaline phosphatase con- 
jugate. 

Removed testes were fixed in neutral, 
buffered formalin, embedded in paraffin wax 
85 and 5 micron sections cut. Sections were 
stained with haematoxylin and eosin. 

(b) Results 

(i) Antibody titres to LHRH 

90 Each of the groups of rats immunised with 
LHRH-Gly-Cys-OH conjugates gave an anti- 
body response to the hormone detectable by 
ELISA. Fig. 2 shows the antibody titres at 
week 10 for each group. Immunisation with 
95 the conjugate of LHRH— Gly— Cys-OH— TT led to 
significant antibody levels, and these were 
higher in the group receiving conjugate in 
FCA. Although all four groups of rats receiving 
LHRH-Gly-Cys-OH-PPD gave antibody re- 

100 sponses, the responses in those groups (1 

and 3) previously primed with BCG, were con- 
dierably higher than in those which were not 
(2 and 4). LHRH-Gly-Cys-OH-PPD given intra- 
d em ally was a very poor immunogen in nor- 

105 mal rats, but in the BCG primed animals Jed to 
the highes titre of antibody seer* in any of the 
groups. LHRH-Gly-Cys-OH-PPD absorbed 
onto alum and given subcutaneously led to 
significant antibody production in normal rats, 

1 TO but in the BCG primed rats the respons was 
. inferior to that obtained with the soluble anti- 
gen given intradermally. 

(ii) Physiological effects of immunisation to 
115 LHRH 

Mean testis weights for individual rats in 
each group are shown in Fig. 3. Marked testi- 
cular regression was apparent in all members 
of the group receiving soluble LHRH-Gly-Cy- 

120 s-OH-PPD after BCG priming and also in the 
group treated with LHRH— Gly— Cys— OH— TT in 
FCA athough, here, one animal showed no f- 
fects. Less marked effects were seen in Group 
3 (2 of 5) and Group 5 (1 of 5). Histological 

1 25 examination of testes reveal d that in those 
individuals exhibiting severe regression there 
was evid nee f mark d atrophy of seminifer- 
ous tubules and absence of spermatogenesis. 
In further studies, a conjugate of LHRH and 

130 PPD prepared using a water soluble carbodiim- 
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ide in conventional manner was shown to be 
unable to induce a physiological response 
when used to immunise rats subcutaneously 
or intradermal^ in the absence of an adjuvant. 
5 D-Lys 8 -LHRH conjugated to PPD with glutaral- 
dehyde was likewise found to be ineffective. 

CLAIMS 

1 . An analogue of lutenising hormone-re- 
10 leasing hormone (LHRH) having the amino acid 

sequence: 

pGlg-His-Trp-Ser-Tyr-X-Len-Arg-Pro— 
Gly-Y-Z 

15 

wherein X represents Gly or a D-amino acid, 
Y represents one or more amino acid resi- 
dues, which may be the same or different, 
and Z represents Cys or Tyr, such that the 
20 solution conformation of said analogue is, sub- 
stantially similar to that of native LHRH. 

2. An analogue as claimed in claim 1 
wherein X represents Gly. 

3. An analogue as claimed in claim 1 
25 wherein X represent D-Ala, D-Lys or 

D-Ser(tBu). 

4. An analogue as claimed in any of claims 
1-3 wherein Y represents 1-3 glycine resi- 
dues. 

30 5. An analogue as claimed in claim 4 

wherein Y represents one glycine residue and 
Z represents CyS; 

6. An analogue as claimed in any of claims 
1-5 conjugated to a polypeptide vaccine car- 

35 rier. 

7. An analogue-carrier conjugate as claimed 
in claim 6 wherein said carrier is purified pro- 
tein derivative of tuberculin or tetanus toxoid. 

8. An analogue-carrier conjugate as claimed 
40 in claim 6 or 7 wherein said conjugation is via 

the side-chains of the C-terminal cysteine resi- 
due. 

9. A vaccine comprising an LHRH analogue 
or analogue-carrier conjugate as claimed in any 

45 of claims 1 to 8 and a pharmaceutical^ ac- 
ceptable excipient. 

10. A DNA molecule coding for an ana- 
logue or analogue-carrier conjugate as claimed 
in any of claims 1 to 8. 

50 11. A DNA molecule as claimed in claim 
10 incorporated into an expression vector re- 
plicable in microorganisms or in mammalian 
cells. 

12. A method of reducing fertility in a 
55 mammal which comprises immunising sid 

mammal with an LHRH analogue or analogue- 
carrier conjugate as claimed in any of claims 1 
to 8 so as to produce a titre of anti-LHRH 
antibodies sufficient to reduce significantly the 
60 biological efficacy of endogenous LHRH. 

13. The use of an LHRH analogue or ana- 
logue-carrier conjugate as claimed in any of 
claims 1 to 8 for the preparation of a compo- 
sition for reducing fertility in a mammal. 

65 14. The use of an LHRH analogue or ana- 



logue-carrier conjugate as claimed in any of 
claims 1 to 8 for the preparation of a compo- 
sition for the clinical control of androgen-sen- 
sitive or oestrogen-sensitive carcinoma. 
70 15. An analogue of LHRH, substantially as 
described herein. 

16. A vaccine as claimed in claim 9, sub- 
stantially as described herein. 

17. A method of reducing fertility in a 

75 mammal by immunising said mammal with an 
LHRH analogue or analogue-carrier conjugat , 
substantially as described herein. 

18. Each and every novel product, compo- 
sition and process as disclosed herein. 
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